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Generalized product expansions for pair-correlated wavefunctions 
E. L. Mehler 
Laboratory of Structural Chemistry, University of Groningen, Zemikelaan, Paddepoel, Groningen, The Netherlands 
(Received 31 August 1972) 
A correlated wavefunction in the form of a linear combination of generalized products is proposed for 
describing electron correlation in N-electron systems .. The generalized product configurations are group 
functional products describing the correlated behavior of a pair of electrons in an N-2-electron 
independent particle sea. The linear expansion includes terms for all possible pairs and thus includes 
correlation effects for every pair of electrons. The structure of the wavefunction is given, the matrix 
elements of the Hamiltonian are determined, and some of the variational equations determining the 
optimal total wavefunction are discussed. The relation between second-order Nesbet-Bethe-Goldstone 
calculations and the pair at a time CI method of SinanogIu and the pair-correlated wavefunction 
developed here is discussed, and a method is given for obtaining a complete generalized product 
wavefunction from these type independent pair approximations. 
I. INTRODUCTION 
In recent years a large number of configuration 
interaction (CI) calculations have appeared for a 
variety of atomic and molecular systems. These 
calculations have provided a good deal of informa-
tion as to the types of terms which are important 
for effectively introducing electron correlation 
into the wavefunction, and which electronic inter-
actions are sensitive to the variation of one or 
more of the structural parameters of the system. 
Based on these experiences a number of varia-
tional and perturbational approaches have been 
proposed which are designed to introduce the im-
portant terms in a simple fashion and at the same 
time exhibit the most important features of elec-
tron correlation. One type of approach consists 
of constructing the wavefunction based on a partic-
ular model such as the electron pair model. 1 
This approach has seen a number of applications2 
and developments. 3 Another way of proceeding is 
to assume that the CI expansion has sufficiently 
converged after only the lowest order contributions 
have been included in the wavefunction. Both per-
turbation 4 and variational 5,6 methods have been 
proposed. A third way of proceeding is by de-
scribing electron correlation only for those elec-
trons for which the correlated behavior depends 
strongly on one or another change in the structure 
of the system, viz., the internuclear distance in 
diatomic molecules. 7 
From most of these studies it has become clear 
that it is not necessary in most instances to con-
sider the simultaneous correlations of all the elec-
trons in a system, but that for most purposes it is 
sufficient to consider the interactions between only 
a few electrons at a time. This result has the im-
portant consequence that the determination of cor-
related wavefunctions is simplified and the com-
3485 
putation time needed to calculate properties from 
such wavefunctions is reduced. 
The question of what types of many-body terms 
must be included in the wavefunction and to what 
extent they must be optimized in order to give an 
adequate description of a certain class of proper-
ties for a variety of systems has been studied by 
several workers. 4.8 Two expansion methods have 
been useful for carrying out this study and for 
developing effiCient procedures for determining 
correlated wavefunctions. These are the cluster 
expansion9-11 and the generalized product of group 
functions 12 forms for expanding the wavefunction. 
While cluster expansion variational wavefunctions 
including all pair correlations have been previously 
proposed, 9.13-16 the generalized product approach 
has only been partially exploited. 17 
When an N-electron wavefunction is approxi-
mated by considering the correlations of subsets 
of all the electrons, the group function idea is 
formally introduced into the wavefunction, i. e. , 
correlated and uncorrelated electrons. By ex-
panding the wavefunction in terms of such group 
products a very compact expression for the total 
wavefunction is obtained and in addition the usual 
CI expansion coefficients split up into two or more 
distinct subgroups. Variationally optimal wave-
functions (with respect to a given subset of param-
eters) can then be determined with a concomitant 
reduction in the dimensionality of the energy matrix 
which must be evaluated and diagonalized. 
For the pair-correlated wavefunction developed 
below the most obvious division leads to an NW 
- 1)/2-dimensional matrix which must be diagonal-
ized. In the first section of the paper the relation 
between the cluster expansion and the generalized 
product forms of the wavefunction are discussed 
and some matrix element formulas between group 
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function products are given. 1? In the second sec-
tion the detailed structure of the pair- corre lated 
generalized product expansion is obtained, energy 
formulas and variational equations are derived, 
and the explicit forms of the matrix elements are 
given. Finally the relationship between the gener-
alized product wavefunction and the independent 
electron pair method is discussed, and a method 
is given for obtaining the N(N - 1)/2-dimensional 
energy matrix from that approximation. 
II. FORMULATION IN TERMS OF GROUP FUNCTIONS 
A. N-electron Wavefunction with p Electrons Correlated 
Consider an approximate wavefunction which de-
scribes the correlation of a particular subgroup of 
p electrons of the total N-electron system. A 
cluster expansion for such a wavefunction can be 
obtained from the complete cluster expansion by 
eliminating all those clusters which contain elec-
trons not belonging to the subset (P) '" i 1 < i2 < ' , , 
<ip. One obtains an expansion of the form9•10,18 
\]t(p)",a[<po+ 6 <P(1)+ 6 <P(2) 
wc!p) (2) C (p) 
+'" + 6 <p(o)+'" + <P(P'] , 
(o)C(p) 
(1) 
where a is the complete antisymmetrizer and the 
summations run over the p-tuple. The <p(o) are 
functions which describe the correlation of a par-
ticular q-tuple of q electrons. Now assume a set 
of N orthonormal one-electron spin functions, 
{<Pi}f, and a set of cluster functions, 9-11{/(0,}f, 
for describing the correlation of the 1, 2, ' , , , p 
particles. Then <Po is the reference state and is 
given by the product 
(2) 
and 
<p(o) '" /(0) (1, 2, , .. , q) <P1(q + 1) 
x<P2(q+2),,' <Pi -dq+i1-1)<Pi +l(q+i) 1 1 1 
.. , <Pi _l(q+iq - r ) <Pi +1(q+i o -r+1)"'<PN(N). 
T T (3) 
Thus <p(o) is formed from <Po by replacing the one-
electron orbitals <Pi , <Pi , ", , <Pi , by the arbi-
trary function/to) which aescribes 'lhe correlation 
of the q-tuple (q). 10 Since each <P is finally oper-
ated on by the antisymmetrizer the numbering of 
the coordinates is arbitrary and at most <P lo) must 
be multiplied by - 1. 17 
From Eq. (3) it is seen that each term in >!T(p) 
of E"q. (1) contains the common set of one-electron 
functions, 
<P 1, <P2, 00' , <PiC1' <Pi 1+1, .. , , 
<Pi p-1, <Pip+1' ", , <P N, 
which can be factored out from each term in Eq. 
(1). One obtains 
\]tIP) ",ar(rr <PI + L: / w IT <PI+'" L 1=1 (l)C(p) 1~(1) 
+ 6 /(0) II <PI+'" +/(P))( II <PI)J, (4) 
(o)c(p) I~ (0) I~(P) 
where the first term in parentheses runs over 
particles 1, ' .. , p and the second term runs over 
particles p + 1, ", ,N. Now write the complete 
antisymmetrizer as a product of partial antisym-
metrizers, 19 
a", (N !)-1/2L: (- l)Q Q 
Q 
",{(~r/2~ (-1)Q'Q'} {(p !)-1/2 ~ (-1)QPQp} 
(5) 
where a p acts only on particles 1, ' , , , p in Eq. 
(4), a IN-P) acts only on particles p + 1, ' , , , N in 
Eq. (4), and a'interchanges particles between the 
two groups. With these definitions >!T(p) can be 
written in generalized product19 form, namely 
(6) 
Equation (6) gives the generalized product equiva-
lent of the cluster expansion of Eq. (1). From 
Eqs. (3) and (4) it is seen that AlP) describes all 
correlations of the subset (p) up to order p, 
whereas the function ~(P) is the antisymmetrized 
orbital product constructed from the set {<PiH 
after the spin-orbitals <Pi 1, <Pi2,"', <Pip have 
been removed. 
B. Matrix Elements between Group Function Products 
For cluster functions of the type introduced in 
Eq. (3) it has been shown by Sinanoglu6• 2o and 
Szasz 13 that strong orthogonality, in the sense 
fl(p)(1, 2, , .. ,p)~10)(1, 2', "', N'-q')dT1"'O, 
(7) 
where J is the complex conjugate of /, holds with-
out loss of generality if (q) belongs to a finite sub-
space of the many-electron Hilbert space which is 
orthogonal to the subspace defined by <Pi1' <Pi2' 
, " , <Pip' The group function AlP) is a linear com-
bination of terms which are products of cluster 
functions and one-electron functions belonging to 
the group (P). Since the latter are also orthogonal 
to the functions in ~lP' the type of strong orthogo-
nality given in Eq. (7) can be applied directly to 
the group function AlP)' namely, 
I A(p) (1,2, ", ,p)~(o)(l, 2', ", ,N'-q')dT 1"'O. 
(8) 
Matrix elements between strong orthogonal group 
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functions over one- and two-electron operators 
have been discussed by McWeeni2,19 and are given 
here in a convenient form for further use. It is 
noted that in the p-correlated product of Eq. (6) 
the group function A(p) is normalized whereas AlP) 
is not. 
The overlap integral is 
S(P)(P)' = ('Ii(P) I 'Ii(p)') = (AlP) ! A(p)') , (9) 
where (P)' denotes that the detailed structure of 
A(p)' can differ from that of A (ph but both (P) 
and (P)' refer to the same p-tuple i 1 , i 2 , ••• , i p • 
The one-electron matrix elements are given by 
h(p)(p)'=('Ii(p) Ih(N) I 'Ii(pI') 
= (A(p) I h(p) I A(p)l) 
+S(p)(p).(AIP) Ih(N-p) I AlP»), (10) 
and the two-electron matrix elements are 
g(p)(p)'= ('Ii(P) Ig(N) I 'Ii(P)') 
N 
+ 6 [A(pdl,"', p)¢p(P+ 1) Ig(p+ 1) 
p[¢(p) J 
(11) 
where P ij permutes particles i and j and 
n 
h(n) '= 6 h(i) and g(n) '= 6 g(i,j) (12) 
i=l 1< J 
are one- and two-electron operators, respectively. 
II. PAIR-CORRELATED GENERALIZED PRODUCT 
WAVEFUNCTION 
A. Structure of the Total Wavefunction 
The general pair-correlated group function 
(geminal) can be written from Eqs. (4) and (5) as 
Al112 (1, 2) = 2-1/20_ P d [¢i /1) ¢12(2) + li1 (1) ¢12(2) 
+ ¢l (1)11 (2) + Ii I (1, 2)] . (13) 
1 2 1 2 
Now let us introduce a complete set of orthonormal 
one-electron spin-orbitals from which we select a 
truncated set {¢J f (M 2:: N) of spin functions for ex-
panding the complete wavefunction. In addition we 
also introduce a set of pseudo- operators spanning 
the subspace defined by {¢n} f. These quantities 
are defined by the relations, 
P~q) '= IT (1- 0rp), (14) 
I [¢(q» 
and its complement 
Q~q) '= 1- P~q) • (15) 
The operators prq) included in expansions of the 
type, 
g(l, 2, ••• , n)= :6 C IL1"2"'''2 
/.L 1' IJ. 2···· ,IJ. n 
x ¢"1(1)¢"2(2) ... ¢"n(n) , 
remove all components of {¢n}f except those be-
longing to (q). Thus one has for g the strong 
orthogonality condition, 
JAlq )(1,2"')g(1, 2"" ,n')dT 1 =0. (16) 
From the definitions of Eqs. (14) and (15) it is 
seen that P~q) and Q~q) are idempotent and behave 
as true projection operators. The p\q) have the 
same function in the present formulation as the 
more general projection operators, defined by 
Szasz, 10 needed to ensure strong orthogonality in 
the sense of Eq. (8) for the general pair function. 
The simple form of the projection operators pos-
sible here results from the introduction of a one-
electron expansion set right at the outset. 
From the spin-function set {¢Jf and the projec-
tion operators defined by Eq. (14) the spin-orbital 
expansion, n1,i> of A11,i2 can be written as 
ni ,j(1, 2) = 6 C~vpr Pi [¢,,(1) ¢v(2) - ¢,,(2) ¢v(l)J/v2, 
", v (17) 
where the c~jv are the geminal expansion coeffi-
cients, which may be complex, and for simplicity, 
the subscripts i, j are used in place of i 1, i 2 • The 
indices Il, v take on all values [1, M] such that the 
c~jv are defined for Il < v except that for v <N + 1, 
C~v is defined for all values [1::0 Il ::oM]. Com-
bining Eqs. (6) and (17) one can write for the pair-
correlated group products (or pair-correlated con-
figurations) 
(18) 
A pair-correlated wavefunction which includes 
all pair correlations must contain all such COn-
figurations. The total pair-correlated wavefunc-
tion is then a finite expansion9,10 of pair- correlated 
group configurations consisting of N(N - 1)/2 terms 
of the type defined by Eq. (18), and has the form 
'Ii= 6 D 1J 'liij, 
i< j 
(19) 
where the D ij are variationally determined pair-
correlated group-product expansion coefficients. 
The wavefunction of Eq. (19) is the generalized 
product analog of the CI wavefunction containing all 
effects through pair excitations which can be writ-
ten21 as 
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'l1=C oipo+6 6 qip~+6 6 C~~ip~~, (20) 
i i<j a<b 
where i, j refer to reference state orbitals, and 
a, b refer to excited orbitals, and the ip's are 
Slater determinants constructed via the Nesbet22 
recipe. By inserting Eq. (17) into (18) and then 
expanding Eq. (19) the coefficients C~iv and Du are 
easily related to the CI expansion coefficients in 
Eq. (20). One obtains (with /l, II replaced by a, b, 
respectively, in the C~v) 
Co= 6 (_l)i+i- 1DijclL (21a) 
i< i 
(21b) 
Cab _( 1)i+i-lD c ij (21c) ii - - ii ab, 
where the factors (- 1)i+i-l arise from permuting 
the electron labels in Eq. (18) so that they conform 
with the labels in Eq. (20). From Eq. (21) it is 
seen that the coefficients Dii weight the correspond-
ing 'l1iJ'S contribution to the total wavefunction, 
while the coefficients from Eq. (20) weight the con-
tribution of the corresponding excited determinant 
to the total wavefunction. 
By comparing Eq. (19) with Eq. (20) it is seen 
that the wavefunction in generalized product form 
contains more parameters than the corresponding 
CI wavefunction. This is more clearly seen from 
Eqs. (21a) and (21b) which show that several gemi-
nal expansion coefficients refer to the same state 
in the CI expansion. Equation (21a) shows that all 
the coefficients cH refer to the reference state, so 
that only one parameter can be associated with 
them, thus one can require 
(22) 
From Eq. (21b) it is seen that all geminal ex-
pansion coefficients containing a common index 
refer to the same anti symmetrized product 
(¢d>2'" ¢i-l ¢/"¢i+l'" ¢ N), i. e., the singly sub-
stituted product where ¢j has been replaced by 
¢"" and only one variation parameter can be as-
sociated with it, which leads to the restrictions, 
c:~ -ci:t> 0, i = 1, 2, ". , j - 2; j = 2, ... , N, 
C~:~:~ - C{:,'t.\ = 0, j = 2, 3, ". , N - 1, 
(23) 
k = j + 1, j + 2, •.• , N 
for all /l in the interval [N + 1, M]. Finally it is 
convenient to require that the geminals are nor-
malized, namely, 
J riT 1 J riTz nij(l, 2) niJ(l, 2) = 1. (24) 
With these restrictions the number of variational 
parameters remaining is consistent with the CI ex-
pansion given by Eq. (20). 
Two special cases arise: These are when M =N 
and when M =N + 1. In both cases there are not 
enough eij,s to satisfy Eqs. (22) and (23) and there-
fore restrictions must be placed on the DlJ's. 
Finally for M =N all Dij's are determined and Eq. 
(19) reduces to the independent particle wavefunc-
tion. 
B. Energy and Variational Equations 
The total electronic energy for the system can 
now be written in the form 
(25) 
where 1C is the Hamiltonian of the system, and the 
elements of the matrix H are defined by 
(26) 
while elements of the overlap matrix S are given by 
(27) 
The elements of D can now be determined by re-
quiring that E is stationary with respect to their 
variation, i. e. , 
(H-ES)D= O. (28) 
With index pairs counted according to the rule 
i + (j - 1) (j - 2)/2 (and similarly for kl) the N(N 
- 1)/2-dimensional matrix H has the form 
H 12,12 H 1Z ,13 H 1Z,23"' H I2;N-l,N 
H 13.13 H 13,23' .. H 13;N-l,N 
H 23,12 H23, 13 H 23,23' •• H 23; N-l, N 
H = 
H N- 1,N;12 H N- 1,N; 13 H N- 1,N;Z3'" HN-1,N; N-l,N 
(29) 
C. Matrix Elements of Sand H 
From Eq. (29) it is seen that the matrix ele-
ments of H (and of S) can be classified into diagonal 
elements with two distinct indices, and off-diago-
nal elements with three of four distinct indices. On 
substituting Eq. (18) into Eqs. (26) and (27) it is 
observed that the diagonal elements are in strong 
orthogonal form and can be directly expanded with 
the help of Eqs. (9)-(11). On the other hand the 
off-diagonal elements are not in strong orthogonal 
form. Consider for example the element Hij,ik. 
In this case the subspaces defined by nij [from 
the lhs of the Hamiltonian in Eq. (26)] and Ll.ik 
(from the rhs of the Hamiltonian) overlap through 
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the orbital ct>j and similarly U jk and ilij overlap 
through the orbital ct>k' Strong orthogonality can be 
restored by defining three- and four-particle groups 
for the three and four index elements, respective-
ly, in such a way that the groups once again span 
mutually orthogonal subs paces. 
For the three-particle group, let 
T jjk(l, 2, 3)= <1(- ijk)U jj (l, 2) <P/i(3) , (30) 
where the first two indices of the triplet ijk refer 
to the geminal, and the third index to the odd orbit-
al. The factor (-ijk) is defined to be ± 1 if for 
i <j < k the number of permutations needed to bring 
the electron labels into the same numerical order 
as the index triple is even (odd). Thus for 
T/kj(l, 2, 3) one has that (-ikj)=-l. Thefour-par-
ticle group function is defined as 
r jj •kl(l, 2, 3, 4)=aUjj (1, 2)[ ct>k(3) ct>1(4) 
- ct>k(4) ct>1(3)]/v'2, (31) 
where the first two indices of the quadruple refer 
to the geminal and the last two to the 2 x 2 deter-
minant. 
Using the three-particle group functions the 
three-index matrix elements take the form, 
(32) 
and for the four-index matrix elements one has 
H ji •kl = (a'rii.klilijkl 11C 1<1'rkl • ii Aiikl ). (33) 
In this way the off-diagonal elements in the varia-
tional matrix of Eq. (29) lead to the inclusion of 
higher order interactions then the simple pair in-
teractions obtained from the diagonal terms. They 
will be discussed later. 
With the help of Eqs. (9) and (17) the matrix ele-
ments of S can be obtained. These are 





With the diagonal and off-diagonal elements of H 
expressed in the forms of Eqs. (26), (32), and 
(33), respectively, they can be evaluated by sub-
stitution into Eqs. (10) and (11). The resulting 
expressions are written in terms of one- and two-
electron integrals defined by 
(37) 
where T represents the space-spin variables x,y, 
z, and s, of ct> and 
(Ol{3lyo)= J dTl J dT2 ¢a(T1) ct>a(T 1) ¢y(T2) ct>6(T2)/r 12 , 
(38) 
and certain matrices whose elements are functions 
of the geminal expansion coefficients and the 
pseudo-operators defined by Eq. (14). 
They have the form 
H iJ •kl =6 'U~~~I{(p.lh I p.') 
...... ' 
+6 Q¥jkl[(P.P.' luu)- (p.u I up.')]} 
a 
+ 6 'lJ ~i~~~v' [(p.p.' I vv')- (p.v' I vp.')] , 




'lJ iJ.kl V ii •kl 1 S " " Q'" QV 1J.1J.',vv'= 1J.1J.·,vv'-2 ij,kIVIJ.IJ.'Uw ' ijkl ijkl-
(41) 
The last terms in Eqs. (40) and (41) are due to the 
independent particle terms in Eqs. (10) and (11). 
The coefficients U~i~~1 and V~~~:vv' for the diagonal 
and off-diagonal terms can be written with the help 





U~~!i =6 v r!vr?, (44) 
p 
Uii •ik e-ii e ik p"'p ... , '" ciJ e ik pppp'" " lJ.1J.' = ",J f.L'k i i -D pp' pp' i VJ,LkUjJ.'i 
pp' 




For the V ji •kl one obtains 
Vii.ii _ eii eiJ p'" pvp""pv' JJ.JJ.',vv'- ,.w p.'v' i j i j, (47) 
V ii •ik _ e-ji eik p"'pvp""" tJ.1J.',vv' - jJ.V f,l.'k i j i Vjll' 
(48) 
and finally 
V ji •kl c-iieklp"'pv" " J.l.1J.',VV'= IJ.V kl i JUIJ.'iuv'i 
e-jJ ekl p ... , pV'" " -... v' + ii ... 'v' k I v ... kvvl+ Wo .... ' Wkl •v 
+:0 (O ... ·iOv.jWg,.)j~f + O"kOV\W ~i .v' v~r') 
P 
+ 6 c~~, e!!, pP PP'O"kO",'jOvIOV'i . (49) pp' 
By use of Eqs. (34)- (36) and (39)- (49) it is pos-
sible to evaluate all the matrix elements of Sand 
H appearing in Eq. (28) once the geminal expansion 
coefficients and a suitable one-electron basis have 
been determined. 
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D. The Total Wavefunction and the Independent Electron 
Pair Approximation (IEPA) 
When the 1ItiJ of Eq. (18) are expanded into their 
CI forms with the help of Eqs. (20) and (21) one 
recognizes at once the IEPA wavefunctions. 9,22 
The only difference between the IEPA expansions 
and the 1Itij is the normalization which is22 
cB= 1, (50) 
so that 
Sij,ij= 1+6 (C~jjC~jJ+C:~C:~)PJ.< 
J.< 
(51) 
With this change the energy expectation value for 
1Itij is given by 
(52) 
and the coefficients are determined by requiring 
that E ij is stationary. 23 
The IEPA method yields a pair-correlated varia-
tional wavefunction for each pair of electrons, i. e. , 
a set of expansion coefficients C ~jv' These coef-
ficients can be used to evaluate the off-diagonal 
elements of S and of H. One can then solve Eq. 
(28) and obtain an expectation value of the total 
energy and a set of pair- correlated configuration 
expansion coefficients. In this way a total gener-
alized product wavefunction can be obtained from 
one of the IEPA's. 
DISCUSSION 
The requirement that the off-diagonal elements 
of H be expressed in terms of strong orthogonal 
group functions made it necessary to introduce 
three- and four-particle groups spanning an elec-
tron subspace orthogonal to the remaining one-
electron Hilbert space. In that way the three- and 
four-particle coupling terms known to be present 
in the energy expression of the CI expansion also 
appear in a simple and obvious way in the energy 
expressions of the generalized product expansion 
of Eq. (19). 
By inserting Eq. (13) into Eqs. (32) and (33) one 
can obtain these terms explicitly, namely 
(¢Jj ¢k 11C I (lfik¢j), (fij ¢k I JC lafik ¢j), and 
(fij¢k¢zltC lafk\¢i ¢j). 9,10,13,24 The first of these 
is a pseudo-three-body term and vanishes if the 
reference orbitals are Brueckner orbitals. 11,25 
The second type is a pair-pair interaction which 
is expected to be small9 while the last type can be 
nonnegligible for electrons located in the same 
region of space. Even though these terms are fre-
quently small they have been shown to make impor-
tant contributions 5,26 and indeed previous analysis 
has shown that the difference in correlation energy 
recovered between the IEPA and the pair-cor-
related CI expansion can be as much as 4Wo. 27 
The generalized product wavefunction given by 
Eq. (19) provides a very compact form for writing 
a correlated wavefunction. In comparing it with 
the CI wavefunction of Eq. (20) one sees that the 
generalized product expansion changes the em-
phasis somewhat in that one now considers the 
correlation contribution of a given pair as a whole 
rather than as a number of contributions from or-
bital excitations. On the other hand on inserting 
Eq. (17) into Eq. (18) and expanding, the orbital 
description is easily recovered. A further ad-
vantage of the generalized product wavefunction is 
that it provides the possibility of obtaining a varia-
tional wavefunction from the IEP A method by 
diagonalizing an N(N - 1)/2-dimensional matrix 
in place of the much larger matrices encountered 
in the usual CI calculation. The importance of 
optimizing the geminal expansion coefficients be-
yond the IEPA and some applications to small sys-
tems will be reported elsewhere. 
Finally it should be remarked that the method 
developed here can be extended to higher order 
correlations without any essential changes in pro-
cedure. For example, the generalized product 
quadruple-correlated wavefunction has the form 
1It= 6 DijkZ1ItijkZ, 
i<j<k< I 
where 
A possible form for the four-particle group func-
tion would be an expansion in terms of spin gemi-
nals, Le., 
AijkZ(1, 2, 3, 4) = 6 b ~J,;':. a' A",i1, 2) Ay.(3, 4). 
In this way another set of expansion coefficients is 
added, which could be variationally determined. 
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